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[57] ABSTRACT

A catalyst for curing unsaturated polyester resins com-
prising a mixture consisting essentially of about 20 to
40% by weight of 2,5-dimethylhexane-2,5-diperoxyben-
zoate, about 10 to 25% by weight of tert-butyl peroxy
(2-ethyl hexanoate), and about 40 to 65% by weight of
tert-butylperoxy isopropyl carbonate.

12 Claims, No Drawings
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| o reduced by half, for example from 90 seconds to about
QUICK CURE CATALYST FOR POLYESTER 35-45 seconds, without adverse effect on product prop-
MOLDING COMPOSITIONS ~ erties.
| The new catalyst system is a synergistic mixture of
FIELD OF THE INVENTION

5 three catalysts which individually are known per se:

This invention relates to the curing or hardening of
thermosetting resins, and more particularly to a curing
catalyst for unsaturated polyester molding resins which
enables curing time to be substantially reduded from
what has previously been required.

BACKGROUND OF THE INVENTION

Unsaturated thermosetting polyester resins are
widely used in industry today for the production of
moldings, for example automobile parts molded from
sheets, electrical breaker boxes, appliance housings,
business machine housings, and a wide range of rein-
forced parts. These resins are polycondensation prod-
ucts which are based on the reaction of dibasic acids

enables the cure time to be substantially reduced, while
maintaining good product properties. In comparison to
the catalyst previously used, cure time 1s enabled to be
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(A) 2,5-dimethylhexane-2,5-diperoxybenzoate, some-
times also identified as 2,5-dimethyl-2,5 bis (ben-
zoylperoxy) hexane, corresponding to the formula

CsHsC(0)YOOC (CH3)2 CHy CH2 C(CH3);00C(0)
CsHs.

This material 1s sold commercially under the trademark
“Luperox 118” by Lueidol Division of Pennwalt Corp.
(B) tert-butyl peroxy (2-ethylhexanoate), correspond-
ing to the formula
(CH3); COOOCCH (C2Hs) C4Ho.
This material 1s sold commercially under the trademark
“Lupersol PDO” by Pennwalt.

with dihydric alcohols. Ethylenic unsaturation is incor- 20 (©) "e"‘?buty.lfli’e"""y 150propyl carbonate, sometimes
porated in the resin, generally by use of an unsaturated also ldentlbled as _OOt-butyclr O-IS()pﬁ'Opf)‘yl m?no
acid (e.g. maleic anhydride; but a saturated acid such as CI;;’IO% ga(g gnég’ éﬁ”eéﬂon Ing to the formula
isophthalic may also be present). The alcohol is typi- (CHs); C O I (Cl 32

cally saturated, e.g. propylene glycol. The unsaturated Ihls mitenal is sold commercially under the trademark
polyesters are usually crosslinked through their double 2> BPIC” by Pittsburgh Plate Glass Co. o
bonds with a compatible monomer (such as styrene) These_t three components are used tog_ether in certain
which also contains ethylenic unsaturation, and thereby =~ Proportions to one another. The following proportions
become thermoset. The polyester itself is often blended ~ have been tested and have been found useful:

with a thermoplastic resin for modified characteristics; " 3'3;";'3 tizi(lz);et;:) :}?lﬁn:ga::aght of 2,5-dimethylhexane-
for example, a polyvinyl acetate/styrene resin and/or T ale;

an acryliéj resin ESCK as golymethacrylate/ styrene resins about 10-25% by weight of tert-butyl peroxy (2-ethyl
are commonly included as “low profile additives” to hexanoate); _

improve surface smoothness. (As used herein, the term and about 40-65% of tert-butylperoxy isopropyl car-
“polyester resin” is meant to include not only the poly- bonate. o

ester itself but also the crosslinking monomer which is 35  This three component catalyst system is incorporated
conventionally added to the polyester and any other in the polyester resin in an effective cﬁalysmg amount
modifying resin that is blended with the polyester). The in generally the Same manner as prev1ou§ly used cata-
molding material may also include a conventional filler, lysts, e.g., by premixing 1n a sheet holding resin. Ex-
a mold release agent and/or a thickener. pressed in terms of weight of catalyst to the total resin

To effect crosslinking of the polyester, a catalyst of 40 (including monomer in the resin, and blending resins) it
the peroxide type is used. The catalyst is generally pre- has been tested in amounts of about 0.6 to 1.6 pounds of
mixed with the resin prior to molding and is thermally the three component catalyst (excluding solvents mixed
activated upon molding to initiate the crosslinking reac- with the catalyst) per 100 pounds resin, but the appro-
tion. In such case curing does not begin until the mix- priate amount for any particular resin can easily be
ture containing the catalyst is exposed to activating 45 determined by a simple series of runs with different
temperatures typically in the range of 300° to 500° F.; amounts. The curing can be carried out in the same
the optimum temperature to be used depends upon the equipment and by the same techniques, temperatures
specific nature of the catalyst, the duration of the mold-  and pressures as have previously been used, except that
ing cycle, and other factors. In general, higher tempera- the curing time is substantially shorter.
tures above an optimum level effect more rapid cross- 50 " PRIOR ART
linking, but may impair product qualities.

In the molding of polyester resins, a certain minimum Each of the three components of this catalyst system
“cure time” is required to expose the molding to the  is well known individually as a catalyst for use in curing
curing conditions sufficiently to effect the cure. In high polyester molding resins. It is also known to use a com-
volume production, this cure time is, in effect, a “bottle- 55 bination of two of them, components A and B, i.e.,, the
neck,” because it slows the rate of molding; other things Luperox 118 and the Lupersol PDO, for curing. So far
being equal, the longer the cure time, the lower the  as we are aware the three component combination has
production rate from a given mold. In order to increase never been used.
output without using additional molding equipment, the Used individually the components of the three part
reduction of cure time is a substantial economic advan- 60 catalyst will cure polyester resins but require substan-
tage. tially longer cure times than are required for the three

component system of the invention. If component A, B,
THE INVENTION or C is used singly for curing, the cure time is slow,

This invention is based upon a new catalyst having typically about 2 minutes at a dosage of 1 part per hun-

three essential catalysing components, the use of which 65 dred parts resin. Components A and B previously been

used together, with better results, but still poor in rela-
tion to this invention. For example, if components A
and B are used together in the ratio of 4 pound of each
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per 100 pounds resin as has been previous practice, the
optimum cure schedule has been about 90 seconds at
310° C. (At higher temperatures with that combination
‘the surface appearance is unacceptable, in that it cannot
properly be painted.) :
- In contrast, the three-part catalyst of this invention
enables curing to be completed in about half the time, as
shown by the Example I below. Thus, the use of these
three catalyst components together enables the cure
time to be greatly reduced.

Following are specific illustrations of the practice of
the invention.

10

EXAMPLE I .1
5

The following example constitutes the preferred em-
bodiment of using the catalysing system of this inven-
tion to cure a polyester molding resin that is widely
used for the production of automobile parts.

A catalyst system was prepared by mixing 29.5% by
weilght of component A, 20.0% of component B, and
50.5% of component C. The resulting mixture is a lig-
uid. (These proportions do not include solvent or dilu-
ent which may be included in the catalysts as pur-
chased.)

The polyester resin to be cured comprised 46.1 parts
by weight of an unsaturated polyester which was the
product of condensing propylene glycol with maleic
anhydride in a 1:1 mol ratio; 19.7 parts styrene mono-
mer as the crosslinking agent; 34.2 parts of vinyl aceta-
te/styrene and methacrylate/styrene resin, for a mixed
polyester resin total of 100 parts. A conventional filler,
calcium carbonate, was mixed with the molding resin in
the proportion of 153.4 parts filler per 100 parts resin. A
conventional thickener, magnesium hydroxide, was

added in the ratio of 3.7 parts per 100 parts resin. A
mold release agent, zinc stearate, was included in the
proportion of 3.1 parts of 100 parts resin. The molding

composition was reinforced with approximately 30%
one inch chopped fiberglass roving. The catalyst was
mixed into the resin by high shear mixing, in accordance
with conventional mixing technique, in the proportion

of 1.00 parts catalyst per 100 parts resin. The resulting

composition was used to mold automobile grill opening

panels 0.100-0.125" thick, in a compression mold. Each

part was cured in a 45 second cycle (closed mold time),

at a mold temperature of 330°-340° F. The resultant
products displayed equal or better physical characteris-
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tics, in comparison to those obtained by use of the prior 50 an unsaturated polyester resin wherein a catalyst is

art catalyst described above:

Property Cure With A & B Alone Fast Cure
Flexural Strength 23,000 psi | 23,500 psi 55
Flexural Modulus 1.5 X 10° psi 1.5 X 10° psi
Tensile Strength 11,000 psi 11,000 psi
[zod Impact 17.0 ft. 1bs./in. 17.5 ft. 1bs/in.
Strength, Notched  notched notched

- EXAMPLE II

In this example, the polyester resin comprised the
condensation product of maleic anhydride and iso-
phthalic acid with propylene glycol, at a 0.75/0.25/1.0 5
‘mol ratio, and 30% styrene monomer. The resulting
composition was cured at the same temperatures and
pressures noted previously, in 30-45 seconds.

4
EXAMPLES III & IV

Other catalyst mixtures were prepared as follows:

III v
Component A 36.0% 23%
Component B 22.0% 12.5%
Component C 42.0% 62.5%
Catalyst/
resin ratto .69/100 1.6/100

These were used to cure the resin described in Example
I, at 330° F.

In each case good cures were effected in 30-45 sec-
onds. Product qualities were comparable with those
obtained with the A & B catalyst as used previously.

Those skilled in the art will understand that the inclu-
ston of fillers, mold release agents and thickeners is
generally conventional and is optional. Examples of
other fillers which may be used include alumina (A1;0s.
3H>0) and hydrated clays. Conventional mold release
agents for thermosetting polyesters may be used such as

calcium stearate. Thickeners may comprise the conven-

tionally used oxides and hydroxides. The duration of
the molding can be of course reduced by increasing
molding temperature, however, increasing temperature
tends to impair physical characteristics, as already
noted.
Having described the invention, what is claimed is:
1. A catalyst for curing unsaturated polyester resins,
said catalyst comprising a mixture consisting essen-
tially of
about 20 to.40% by weight of 2,5-dimethylhexane-
2,5-diperoxybenzoate,

about 10 to 25% by weight of tert-butyl peroxy (2-
ethyl hexanoate), and

about 40 to 65% by weight of tert—-butylperoxy 1SO-
propyl carbonate.

2. A catalyst for curing unsaturated polyester resins,
said catalyst comprising a mixture consisting essen-
~ tially of,

about 29.5% by weight 2,5-dimethylhexane-2,5-
~ diperoxybenzoate,

about 20.0% tert-butyl peroxy (2-ethyl hexanoate),

- and |

about 50.5% tert-butylperoxy isopropyl carbonate.
3. In the process of producing molded articles from

mixed with said resin, the mixture is molded to desired
shape and is subjected to elevated temperature for cur-

'ing,

the improvement comprising,

catalysing said resin with an effective curing amount
of a catalyst consisting essentially of about 20 to
40% by weight of 2,5-dimethylhexane-2,5-diperox-
ybenzoate, 10 to 25% by weight of tert-butyl per-
oxy (2-ethyl hexanoate), and 40 to 65% by weight
of tert-butylperoxy isopropy! carbonate.

4. The process of claim 3 wherein said catalyst is
present in a ratio of about 0.6 to 1.6 parts by weight of
catalyst per 100 parts by weight of said resin.

d. The process of claim 3 wherein said resin is a blend
comprising approximately 46% unsaturated polyester
restn, 20% styrene monomer, and 34% mixed vinyl
acetate/styrene and methacrylate/styrene resin.
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6. The process of claim 3 wherein said'polyesiér resin
comprises the reaction product of proPyIéne glycol and
maleic anhydride. |

7. The process of claim 6 wherein said polyester resin
comprises the reaction product of propylene glycol and
maleic anhydride in an approximate 1:1 mol ratio.

8. The process of claim 3 wherein said polyester resin
comprises the reaction product of isophthalic acid, ma-
leic anhydride and propylene glycbl.

9. The process of claim 8 wherein said polyester resin
comprises the reaction product of isophthalic acid, ma-
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leic anhydride, and propylene glycol in a 0.75/0.25/1.0
mol ratio. .

10. The process of claim 3 wherein said polyester
resirﬁ’"@ﬂmprises about 70% of an unsaturated polyester
resin and about 30% by weight of styrene monomer.

11. The process of claim 3 wherein said catalyst com-
prises about 29.5% 2,5-dimethylhexane-2,5-diperox-

- ybenzoate, 20.0% tert-butyl peroxy (2-ethyl hexanoate),

and 50.5% tert-butylperoxy isopropyl carbonate.
12. The process of claim 3 wherein said catalyst is
mixed with said resin in a ratio in the range of about 1.0

part by weight of said catalyst per 100 parts of said

resin.
¥ % 3k * ¥
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